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1) A somatic approach to soybean genetics 
For the past five years, our laboratory has been attempting to establish 
a system of somatic cell genetics for soybean. Although our results are far 
from complete, they are sufficiently encouraging to suggest that such a system 
will be practical and that it should be possible to construc t a complete gene-
tic. map within a few years . The rapid ity with which this can be done relies 
in part on the somatic genetics discussed in this report and in part on a mo-
lecular genetic ana lysis which is now underway. This communication is a sum-
mary. Details have been published already, are available upon request, or 
will be published in full length in the near future . 
Using t echniques established by Gamborg and others (Gamborg and Wetter, 
1975) , it is possible to grow most varieties of soybean in cell culture. In 
general , it takes 2-4 weeks to es t ablish healthy callus culture from seedling 
roots or hypocotyls and another 3-6 weeks to prepare suspension cultures. The 
latter are suspensions of small cell clumps which are maintained in an expo-
nential phase of growth (5 x 105-2 x 106 cells/ml) by 1/4 dilution every 2- 3 
days. When grown at 33°c these cultures divide, on the average every 24 hrs 
(at 22° division occurs every 48 hrs) (Chu and Lark, 1976). Below a titer of 
5 x 104 cells/ml soybean cultures fail to grow and eventually die . Above this 
titer , cells will sur v i ve and divide in defined minimal media. When cells be-
come damaged or die, they eventually liberate toxic material which kills healthy 
cells present in the same culture. The cooperative requirement for some essen-
tial nutrient and the liberation of toxic material upon death make it difficult 
to obtain rare mutant cells by selective killing of parental wild type. To 
c ircumvent this, a plating technique was developed (Weber and Lark, 1979) 
which allows mutant cells to be maintained under selection while removing the 
toxic material liberated by dying parental cells . In this process a feeder 
cultur e system is maintained in which feeder cel l s are replaced every 2 days. 
Using this system, it was possible to establish a quant itative system in 
which to study mutagenesis (Weber and Lark, 1980). The results of this study 
indicated that rates of inherited variation could be achieved in which vari-
ants (mutants) would occur in frequencies as high as 3 per 104 surviving cells . 
Excellent mutagenesis was obtained with MMS, NNG or U. V. irradiation. The 
worst mutagen was EMS. 
Sibling selection of mutants: The high frequencies of variation obtained 
with U.V. encouraged us to try sib-selection. Haploid cells (see below) were 
irradiated to 1% survival and surviving clumps plated to obtain isolated cal-
lus clones . Each surviving callus was divided and one part tested selectively 
while the other was grown under nonselective conditions. Several thousand of 
these colonies were tested for auxotrophy, cold sensitivity, temperature sen-
sitivity, and salt dependence-tolerance. Mutants were isolated in all classes. 
Details of the isolation have been published (Zhou et al ., 1982) or will be 
published (Roth and Lark, Plant Cell Reports, in press). After the final iso-
lation, the frequency of variants declined. We believe that this was due to 
contamination with wild-type parental cells which took over the growing cul-
ture. Stable variants which could be maintained nonselectively we r e isolated 
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with a frequency of ca. 1/5000. All of these have been grown continuously in 
cell culture for >200 generations. Improving the technique (Roth and Lark, 
Plant Cell Reports, in press) could, in the future, increase the frequency of 
variants. 
Preservation of cell lines and clones: To isolate pure cell lines, it 
is necessary to prepare protoplasts and from these regenerate clones derived 
from single cells. To do this, one must prepare growing cell suspensions from 
callus. Bec ause of the scale of selection, this is only feasible if one has 
ascertained which callus is mutant. Until recently, it was not possible to 
preserve cells in a nondividing state while testing for mutant phenotype. Re-
cently, it has become possible to freeze soybean in liquid nitrogen and main-
tain viability (Weber, unpublished data; Roth and Lark, unpublished data). 
This allows a more efficient mutant screen and insures preservation of mutant 
genotypes. Details of this technique will be published after we have estab-
lished the length of time for which cells can be stored. 
Haploid and partial haploid lines: The studies on sibling selection 
outlined above were carried out using a haploid line of soybean (Weber and 
Lark, 1979) originally obtained as callus from Dr. Beversdorf. The callus 
had been prepared from a haploid plant which arose as the result of a cross 
between male-sterile lines. Eventually this line became polyploid. The 
ability to maintain cells in the frozen state should avoid a recurrence of 
such a loss . We are currently reconstructing haploid lines from plants ob-
tained from male-sterile crosses. We also have obtained partial haploid lines 
by chemical treatments leading to misdivisions . This treatment is outlined 
below. 
Induction of misdivisions by the herbicide CIPC: Previous experiments 
with algae had shown that the herbicides IPC and CIPC can induce abnormal di-
v1s1on. We have used this treatment to induce loss of chromosomes in soybean. 
For these experiments we used a soybean suspension culture derived f rom hetero-
zygous plants produced by crossing PI 290136 with 'Minsoy' . The F1 seeds 
were provided by Dr. R. Palmer. Each of the parent lines is homozygous re-
cessive for different, unlinked, fluorescence markers [Minsoy : (fr1fr1Fr2Fr2) 
PI 290136 (Fr1Fr 1fr2fr2)]. Hence, each parent is nonfluorescent whereas the 
F1 heterozygote is fluorescent. Callus of the Fi heterozygote is fluorescent 
whereas calli from either parent are not. After treatment of the heterozygous 
suspension culture with CIPC (8 hrs 7°c, 1 x 10-3 M CIPC 48 hrs 7°C), we ob-
tained about 10% surviving clones. Among these survivors 20% were nonfluores-
cent. Four of the surviving clones were passaged into suspension culture: 
three of these were fluorescent and one was nonfluorescent. All showed re-
duced numbers of chromosomes: 23-36. 
To test whether the products of misdivision were capable of expressing 
a uxotrophic mutants, we treated the four segregant suspension cultures with 
U.V. After recovery (ca . 1 week) we starved the cultures for ribonucleosides 
and then treated the cultures with 5-fluorouracil, an analog which is incor-
porated into RNA to produce inaccuracies capable of poisoning the cell. After 
8 hr of growth in 5-fluorouracil, the cultures were plated on normal medium 
supplemented with ribonucleosides. Fifty clones were picked from each culture 
and tested for growth with or without nucleosides. Thirty one auxotrophs were 
detected, 14 in one segregant culture, 17 in another andnonein the third and 
fourth. All of these results support the loss of chromosomes from cultures 
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treated with CIPC. In addition, the success of 5-fluorourac il selection de-
monstrates the possibility to select auxotrophs by use of inhibitors. 
Potential for genetic mapping: The availability of mutants in partial 
haploid cell lines makes it possible t o begin mapping genetic loci by fusion 
segregation tests. Recessive mutants which are expressed in partial haploids 
must belong to linkage groups limited to the chromosomes which are haploid. 
By fusing cells , one can produce somatic heterozygotes complementing the re-
cessive mutation . Loss of the corresponding wild type chromosome will again 
lead to expression of the recessive phenotype. If the chromosomes which a re 
lost can be differentiated, it becomes possible t o assign each mutation to a 
chromosome . Presently, we are developing a molecular method for differen-
tiating soybean chromosomes. 
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